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(57) ABSTRACT

An observation device 1 includes a transmitter and receiver
(a transmitter 11, a transmission/reception switch 12, an
antenna 13, and a receiver 14) that emits a predetermined
radar wave to outside the observation device, and that
receives the radar wave scattered by an object existing
outside the observation device and acquires a received
signal, a temporary image generator 15 that generates a
temporary image from the received signal acquired by the
transmitter and receiver, and a data transmitter 17 that
transmits the temporary image generated by the temporary
image generator 15 to a data processing device 2. The data
processing device 2 includes a data receiver 21 that receives
the temporary image transmitted by the data transmitter 17,
and an image generator 24 that generates an image from both
the temporary image received by the data receiver 21 and
orbit data about a moving object.

7 Claims, 4 Drawing Sheets
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1
RADAR SYSTEM AND DATA PROCESSING
DEVICE

FIELD OF THE INVENTION

The present invention relates to a radar system and a data
processing device that are mounted in a moving object, such
as a satellite or an airplane, and that observe an object such
as an earth surface.

BACKGROUND OF THE INVENTION

A synthetic aperture radar (SAR: Synthetic Aperture
Radar) is a device that is mounted in a moving object, such
as a satellite or an airplane, and that observes an object, such
as an earth surface, with a high resolution. This radar usually
emits a radio wave toward a direction nearly perpendicular
to the direction of movement of the moving object. The radar
carries out the observation on a region on the ground to
which the radio wave is applied by acquiring a resolution
with respect to a direction parallel to the direction of
movement of the moving object through a synthetic aperture
process, and also acquiring a resolution with respect to a
direction of emitting the radio wave (direction of the dis-
tance) through a pulse compression process.

In this case, the synthetic aperture process is the one of
improving the angular resolution. In general, the angular
resolution of the radar is determined by the size of the
antenna which is used when emitting the radio wave to
space, and the larger aperture the antenna has, the higher
angular resolution is acquired. However, in a case in which
a radar is mounted in a moving object, a limitation is
imposed on the size of an antenna which can be mounted in
the radar. To solve this problem, an SAR provides an angular
resolution equivalent to that of an antenna having an aper-
ture of the same size as the length of a moving path by
carrying out observation while moving, and combining
received signals which are acquired during a fixed time
period by performing signal processing. For example, an
example of the signal processing method is shown in patent
reference 1. In this patent reference 1, in order to acquire a
high resolution image, high-accuracy signal processing in
consideration of the satellite’s orbit being a curved line is
carried out.

RELATED ART DOCUMENT
Patent Reference

Patent reference 1: Japanese Unexamined Patent Applica-
tion Publication No. 2011-169869

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

Further, in an actual image reconstruction process, a
Doppler frequency analysis is performed on a received
signal to acquire an angular resolution. More specifically,
when observing an identical target point for a long time, the
relative velocity between the radar and the target point varies
during the observation time period. As a result, the received
signal of the target point has a Doppler frequency bandwidth
corresponding to the amount of change of the relative
velocity. Because the amount of information about an angle
at which the target exists increases with increase in this
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Doppler frequency width, the angular resolution is improved
with increase in this Doppler frequency width.

In contrast, an SAR carries out a pulse compression
process in order to acquire a distance resolution. Therefore,
the radio wave is emitted in a pulse form. More specifically,
an SAR is a pulsed Doppler radar that emits a pulse wave.
Therefore, a Doppler frequency analysis for acquiring an
angular resolution is carried on received signals discrete
with a pulse repetition frequency (PRF).

Typically, an SAR mounted in, for example, a satellite
carries out data transmission of the received signal from the
satellite to a ground station, and the ground station carries
out an image reconstruction process. This is because the
image reconstruction process performed by an SAR requires
a huge amount of computation, and, conventionally, it is
difficult for a computer which can be mounted in the satellite
to carry out the image reconstruction. However, in recent
years, the performance of computers has been improving
generally, and computers having computing power which
enables even a satellite-mounted SAR to carry out image
reconstruction on the satellite have been provided.

Further, because a received signal in an SAR typically has
a large data size, the received signal may be transmitted to
a ground station after a data compression process is per-
formed on the received signal. Because the signal on which
no image reconstruction process has been performed yet has
a high random nature, a constraint is placed on an improve-
ment in the efficiency of data compression. In contrast,
because the random nature of the image data is reduced
when image reconstruction is carried out on the satellite, the
efficiency of data compression can be improved.

On the other hand, precise orbit data about the moving
object is required for the image reconstruction process on
the moving object. When the accuracy of this orbit data is
not sufficient, there is a possibility that the accuracy of the
image reconstruction process degrades and a sufficiently
formed image can be acquired. However, there is a case in
which a conventional SAR cannot provide high-accuracy
orbit data on the moving object. As a result, no high-
accuracy image is acquired on the satellite.

When carrying out the image reconstruction process on
the moving object, as mentioned above, only a small amount
of data transmission to a ground station is needed. A problem
is, however, that when no high-accuracy orbit data is
acquired on the moving object, there is a possibility that the
accuracy of the image reconstruction process is reduced and
degradation in the resolution occurs.

The present invention is made in order to solve the
above-mentioned problems, and it is therefore an object of
the present invention to provide a radar system and a data
processing device that can acquire an image without degra-
dation of a resolution while reducing the amount of data
transmission.

Means for Solving the Problem

In accordance with the present invention, there is pro-
vided a radar system including an observation device that is
mounted in a moving object and observes an object, and a
data processing device that processes data from the obser-
vation device, in which the observation device includes: a
transmitter and receiver that emits a predetermined radar
wave to outside the radar system, and that receives the radar
wave scattered by an object existing outside the radar system
and acquires a received signal; a temporary image generator
that temporarily carries out an azimuth compression process
on the received signal acquired by the transmitter and
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receiver by using temporary orbit data to generate a tempo-
rary image; and a data transmitter that transmits the tempo-
rary image generated by the temporary image generator, and
the data processing device includes: a data receiver that
receives the temporary image transmitted by the data trans-
mitter; and an image generator that carries out an azimuth
compression process on the temporary image received by
the data receiver by using orbit data having a higher degree
of accuracy than the temporary orbit data to generate an
image.

Advantages of the Invention

Because the radar system in accordance with the present
invention is constructed as above, the radar system can
acquire the image without degradation in the resolution
while reducing the amount of data transmission.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a block diagram showing the structure of a radar
system in accordance with Embodiment 1 of the present
invention;

FIG. 2 is a flow chart diagram showing the operation of
the radar system in accordance with Embodiment 1 of the
present invention;

FIG. 3 is a block diagram showing the structure of a radar
system in accordance with Embodiment 2 of the present
invention; and

FIG. 4 is a block diagram showing the structure of a radar
system in accordance with Embodiment 3 of the present
invention.

EMBODIMENTS OF THE INVENTION

Hereafter, the preferred embodiments of the present
invention will be explained in detail with reference to the
drawings.

Embodiment 1

FIG. 1 is a block diagram showing the structure of a radar
system in accordance with Embodiment 1 of the present
invention. The radar system is comprised of an observation
device 1 and a data processing device 2, as shown in FIG.
1.

The observation device 1 is mounted in a moving object,
and observes an object. This observation device 1 is com-
prised of a transmitter 11, a transmission/reception switch
12, an antenna 13, a receiver 14, a temporary image gen-
erator 15, a data compressor 16, and a data transmitter 17.

The transmitter 11 generates a predetermined pulse-
shaped radar wave. The radar wave generated by this
transmitter 11 is outputted to the transmission/reception
switch 12. The transmission/reception switch 12 selectively
changes the output destination of an input wave. This
transmission/reception switch 12 outputs the radar wave
from the transmitter 11 to space from the antenna 13, and
outputs a radar wave from the antenna 13 to the receiver 14.

The observation device emits the radar wave from the
antenna 13 and the transmission/reception switch 12 to
outside the radar system (space), and also receives apart of
the radar wave (scattered wave) scattered by an object
(observation object) existing outside the radar system. The
radar wave received by this antenna 13 is outputted to the
transmission/reception switch 12.
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The receiver 14 receives the radar wave from the trans-
mission/reception switch 12. The receiver 14 then amplifies
the radar wave and converts this radar wave into a received
signal having a low frequency through frequency conver-
sion. The received signal converted by this receiver 14 is
outputted to the temporary image generator 15. The trans-
mitter 11, the transmission/reception switch 12, the antenna
13, and the receiver 14 construct a transmitter and receiver
in accordance with the present invention.

The temporary image generator 15 generates a temporary
image (low resolution image) on the basis of the received
signal from the receiver 14. The temporary image generated
by this temporary image generator 15 is outputted to the data
compressor 16.

The data compressor 16 performs a data compression
process on the temporary image from the temporary image
generator 15, and generates compressed image data. The
compressed image data generated by this data compressor
16 is outputted to the data transmitter 17. The data trans-
mitter 17 transmits the compressed image data from the data
compressor 16 to the data processing device 2 at a remote
location.

Further, the data processing device 2 is mounted in a data
reception facility, and processes the data from the observa-
tion device 1. The data reception facility is typically a
ground station. However, the data reception facility is not
limited to a ground station. For example, the data reception
facility can be held by a ship, an airplane, or the like. This
data processing device 2 is comprised of a data receiver 21,
a data decompressor 22, a data reconstruction unit 23, and an
image generator 24.

The data receiver 21 receives the compressed image data
from the data transmitter 17 of the observation device 1. The
compressed image data received by this data receiver 21 is
outputted to the data decompressor 22.

The data decompressor 22 decompresses the compressed
image data from the data receiver 21 to acquire the original
temporary image. The temporary image acquired by this
data decompressor 22 is outputted to the data reconstruction
unit 23.

The data reconstruction unit 23 carries out a process
inverse to an azimuth compression process in an image
reconstruction process by the temporary image generator 15
on the temporary image from the data decompressor 22 to
temporarily return the temporary image to a signal on which
no azimuth compression has been performed yet. The image
which is returned to the signal, on which no azimuth
compression has been performed yet, by this data recon-
struction unit 23 is outputted to the image generator 24.

The image generator 24 generates an image having a
higher resolution than that generated by the temporary
image generator 15 on the basis of the image from the data
reconstruction unit 23 by using high-accuracy orbit data
about the moving object in which the observation device 1
is mounted. The image generated by this image generator 24
is outputted to outside the radar system.

Next, the operation of the radar system constructed as
above will be explained with reference to FIG. 2. In the
operation of the radar system, the transmitter 11 generates a
predetermined pulse-shaped radar wave first, and emits this
radar wave to outside the radar system from the antenna 13
by way of the transmission/reception switch 12, as shown in
FIG. 2 (step ST1). The antenna 13 then receives a part of the
radar wave (scattered wave) scattered by an object existing
outside the radar system, and outputs the part to the receiver
14 by way of the transmission/reception switch 12. The
receiver 14 then amplifies this radar wave, and also converts
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the radar wave into a received signal having a low frequency
through frequency conversion (step ST2). The received
signal received and converted by this receiver 14 is output-
ted to the temporary image generator 15.

The temporary image generator 15 then generates a
temporary image on the basis of the received signal from the
receiver 14 (step ST3). In an SAR, a received signal is
acquired on two-dimensional space which is defined by two
axes including a distance axis and an azimuth axis. Before
an image reconstruction process is performed, an image
which is blurred both in a direction of the distance axis and
in a direction of the azimuth axis is provided. Therefore, the
temporary image generator 15 improves the distance reso-
Iution by performing a pulse compression process, and
improves the azimuth resolution by performing an azimuth
compression process. Although no detailed explanation will
be made hereafter concerning the pulse compression process
and the azimuth compression process because they are the
same as methods known conventionally, they typically con-
sist of a data compensation process and a coherent integra-
tion process in a direction of the azimuth axis. There are a
case in which the data compensation process is carried out
on the azimuth axis and a case in which data is converted
into data on an azimuth frequency axis by using a Fourier
transform, and the data compensation process is carried out
on the data. In the coherent integration, a Fourier transform
is typically used for an improvement in the efficiency of
computation.

In order to carry out the azimuth compression process
with a high degree of accuracy, high-accuracy orbit data
about the moving object is required. However, because the
resolution of the image generated by the temporary image
generator 15 is low, orbit data having a low degree of
accuracy can be accepted. Further, although a satellite’s
orbit is bent like an ellipse in a case of, for example, a
satellite-mounted SAR, as described in above-mentioned
patent reference 1, even when, for example, an image
reconstruction process which approximately assumes this
orbit to be a linear one is carried out, low resolution image
reconstruction can be implemented.

The data compressor 16 then performs the data compres-
sion process on the temporary image from the temporary
image generator 15 to generate compressed image data (step
ST4). Through this data compression process, the data size
of'the compressed image data becomes smaller than the data
size of the original image. The type of the data compression
method is not limited particularly, and a method known
typically can be used as the data compression method. For
example, compression according to JPEG can be carried out.
The compressed image data generated by this data compres-
sor 16 is outputted to the data transmitter 17.

The data transmitter 17 then transmits the compressed
image data from the data compressor 16 to the data pro-
cessing device 2 at a remote location (step ST5). More
specifically, the compressed image data is transmitted from
the observation device 1 mounted in the moving object to the
data processing device 2 installed in a data reception facility
placed at a remote location by the data transmitter 17. This
transmission can be carried out by using a data transmission
method which is the same as that for use in typical SAR
satellites.

The data receiver 21 of the data processing device 2 then
receives the compressed image data from the data transmit-
ter 17 of the observation device 1 (step ST6). The com-
pressed image data received by this data receiver 21 is
outputted to the data decompressor 22.
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The data decompressor 22 then decompresses the com-
pressed image data from the data receiver 21 to acquire the
original temporary image (step ST7). When the data com-
pression method used by the data compressor 16 is lossless
compression, the temporary image acquired by the data
decompressor 22 is completely the same as the temporary
image generated by the temporary image generator 15.
When a lossy data compression method is used with priority
being given to the compression efficiency, noise occurring
due to the compression is added to the temporary image
acquired by the data decompressor 22. The temporary image
acquired by this data decompressor 22 is outputted to the
data reconstruction unit 23.

The data reconstruction unit 23 then carries out a process
inverse to the azimuth compression process in the image
reconstruction process by the temporary image generator 15
on the temporary image from the data decompressor 22 to
temporarily return the temporary image to a signal on which
no azimuth compression has been performed yet (step ST8).
For example, it is assumed hereafter that a method called a
chirp scaling method is used by the temporary image gen-
erator 15. In the chirp scaling method, image reconstruction
is carried out by using a multiplication of a Fourier trans-
form by a phase compensation coefficient. Therefore, the
data reconstruction unit 23 carries out an inverse Fourier
transform and also acquires a signal on which no azimuth
compression has been performed yet by dividing the phase
value by which a Fourier transform is multiplied by the
temporary image generator 15. In addition, the temporary
image generator 15 enters a state in which the temporary
image generator is called when low-accuracy orbit data is
used. The image reconstructed by this data reconstruction
unit 23 is outputted to the image generator 24.

The image generator 24 then carries out the azimuth
compression process on the temporary image from the data
reconstruction unit 23 by using high-accuracy orbit data
about the moving object to generate a high resolution image
(step ST9). More specifically, the image generator carries
out a high-accuracy image reconstruction process on the
acquired signal on which no azimuth compression has been
performed yet (carries out an azimuth compression process
with a higher azimuth resolution than that of the azimuth
compression process performed by the temporary image
generator 15) to generate a high resolution image. In this
high-accuracy image reconstruction process, orbit data hav-
ing a higher degree of accuracy than that of the simple orbit
data for use in the temporary image generator 15 is used.

As mentioned above, because the radar system in accor-
dance with this Embodiment 1 is constructed in such a way
as to generate an image on a moving object, the data
compression efficiency at the time of carrying out data
transmission from the moving object to the data reception
facility can be increased and the amount of data transmission
can be reduced. As a result, the radar system can carry out
the data transmission in a short time. Further, the radar
system can carry out the data transmission even when using
the data transmitter 17 and the data receiver 21 having a low
data transmission ability. For example, because the antenna
gains of the data transmitter 17 and the data receiver 21 can
be made small, the antenna size can be downsized. Further,
because the radar system carries out the image reconstruc-
tion process by using the high-accuracy orbit data also after
data transmission, the radar system can acquire an image
having a high resolution.

Although the radar system in accordance with Embodi-
ment 1 is constructed in such a way that after carrying out
data compression on the image, the data compressor 16 of
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the observation device 1 transmits the image to the data
processing device 2, and the data decompressor 22 of the
data processing device 2 decompresses the compressed data
to extract the original image, the data compressor 16 and the
data decompressor 22 can be omitted and the temporary
image generated by the temporary image generator 15 can
be transmitted to the data processing device 2 just as it is. In
the image reconstruction process including the azimuth
compression process, the pulse compression process, or both
of these processes, the data size after the process becomes
smaller than the data size before the process even when no
data compression is carried out. Therefore, by causing the
observation device to carry out these processes, the radar
system can reduce the amount of data transmission even
when carrying out no data compression.

Embodiment 2

In Embodiment 1, the structure of, after the data process-
ing device 2 receives the image generated by the observation
device 1, temporarily returning the image to a signal on
which no azimuth compression has been performed yet by
using the data reconstruction unit 23 is shown. In contrast
with this, in Embodiment 2, a case in which an observation
device 1 carries out azimuth compression part way through,
and a data processing device 2 carries out the remaining part
of the azimuth compression process is shown. FIG. 3 is a
block diagram showing the structure of a radar system in
accordance with Embodiment 2 of the present invention. In
the radar system in accordance with Embodiment 2 shown
in this FIG. 3, the temporary image generator 15 of the radar
system in accordance with Embodiment 1 shown in FIG. 1
is replaced by a data dividing unit 18 and a plurality of
temporary image generators 155, and the data reconstruction
unit 23 and the image generator 24 of the radar system in
accordance with Embodiment 1 are replaced by a data
combining unit (image generator) 25. The other structural
components are the same as those of the radar system in
accordance with Embodiment 1 and are designated by the
same reference numerals, and the explanation of the other
structural components will be omitted hereafter.

The data dividing unit 18 divides a received signal from
a receiver 14 into a plurality of sections in a temporal
direction, and outputs these sections to the plurality of
temporary image generators 155 respectively. The plurality
of temporary image generators 155 generate a plurality of
temporary images (low resolution images) on the basis of
the received signals about the plurality of sections from the
data dividing unit 18 respectively. Each of the temporary
images generated by these temporary image generators 155
is outputted to a data compressor 16.

The data combining unit 25 generates a single high
resolution image by combining a plurality of temporary
images from a data decompressor 22. The image generated
by this data combining unit 25 is outputted to outside the
radar system.

The radar system in accordance with this embodiment is
constructed in such a way that the execution of an image
reconstruction method, which is known as a subaperture
method, is shared between the observation device 1 and the
data processing device 2. The subaperture method is dis-
closed in, for example, patent reference 1. In accordance
with the subaperture method, a received signal acquired
during a synthetic aperture is divided into sections in a
temporal direction first. Then, reconstruction of a low reso-
Iution temporary image is carried out on a signal in each
small section after division by each temporary image gen-
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erator 15b6. Because the process carried out at this time is
azimuth compression in a short synthetic aperture time, the
azimuth resolution is low. Because each temporary image
has a low resolution, the accuracy of orbit data used at this
time (temporary orbit data acquired on an orbit) can be lower
than that of orbit data for use in the data processing device
2 which will be mentioned below.

Next, the data compressor 16 collectively carries out data
compression on the plurality of temporary images generated
by the plurality of temporary image generators 155. In this
data compression, after the plurality of temporary images are
simply coupled to one another and formed into single data,
data compression can be carried out on this single data, or
data compression can be carried out on each of the tempo-
rary images and the plurality of data compressed can be
combined into single data. The data volume after the imag-
ing becomes smaller than that before the imaging. Further,
because the imaging is carried out, the efficiency of the data
compression becomes high. As a result, it is expected that
the data size becomes smaller than that in a case of trans-
mitting a yet-to-be-processed received signal.

The compressed data is returned to data when outputted
from the temporary image generators 155, i.e., the plurality
of temporary images by way of a data transmitter 17, a data
receiver 21, and the data decompressor 22. The data com-
bining unit 25 combines the plurality of temporary images to
generate a single high resolution image. Because a concrete
processing procedure is the same as that disclosed by patent
reference 1, the concrete processing procedure will be not
described in detail. In order to make the image generated in
this embodiment have a high resolution, orbit data having a
higher degree of accuracy than that required in the above-
mentioned process carried out in the observation device 1 is
required.

As mentioned above, the amount of data transmission
from the observation device 1 to the data processing device
2 can be reduced because the observation device 1 in
accordance with this Embodiment 2 carries out up to the
temporary imaging process, and a high resolution image can
be acquired because the data processing device 2 in accor-
dance with this Embodiment 2 carries out the signal pro-
cessing.

Embodiment 3

In Embodiment 1, the case in which the observation
device 1 carries out both the pulse compression process and
the azimuth compression process is shown. In contrast with
this, in Embodiment 3, a case in where an observation device
carries out only a pulse compression process is shown. FIG.
4 is a block diagram showing the structure of a radar system
in accordance with Embodiment 3 of the present invention.
In the radar system in accordance with Embodiment 3
shown in this FIG. 4, the temporary image generator 15 of
the radar system in accordance with Embodiment 1 shown
in FIG. 1 is replaced by a pulse compression unit (temporary
image generator) 19 and the image generator 24 of the radar
system in accordance with Embodiment 1 is replaced by an
azimuth compressing unit (image generator) 26, and the data
reconstruction unit 23 is removed. The other structural
components are the same as those of the radar system in
accordance with Embodiment 1 and are designated by the
same reference numerals, and the explanation of the other
structural components will be omitted hereafter.

The pulse compression unit 19 generates a temporary
image having a high distance resolution by carrying out only
the pulse compression process on the basis of a received
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signal from a receiver 14. The temporary image generated
by this pulse compression unit 19 is outputted to a data
compressor 16. The data compressor 16 performs a data
compression process on the temporary image from the pulse
compression unit 19 to generate compressed image data.

A high resolution image is acquired in a direction of a
distance axis by this pulse compression unit 19. The data
volume is reduced by a pulse width also before the data
compression is carried out. In addition, the improvement in
the distance resolution causes an increase in the efficiency of
the data compression by the data compressor 16. Further,
because the pulse compression process is independent of the
orbit of the moving object, the observation device 1 mounted
in the moving object does not need any orbit data.

The azimuth compressing unit 26 carries out an azimuth
compression process for improving the azimuth resolution
on the basis of the temporary image from the data decom-
pressor 22 by using the orbit data about the moving object
to generate a high resolution image. The image generated by
this azimuth compressing unit 26 is outputted to outside the
radar system.

As mentioned above, the radar system in accordance with
this Embodiment 3 is constructed in such a way as to, when
generating a temporary image on the moving object, carry
out only the pulse compression process. Even in this
embodiment, there can be provided the same advantages as
those provided by Embodiment 1.

While the invention has been described in its preferred
embodiments, it is to be understood that an arbitrary com-
bination of two or more of the above-mentioned embodi-
ments can be made, various changes can be made in an
arbitrary component in accordance with any one of the
above-mentioned embodiments, and an arbitrary component
in accordance with any one of the above-mentioned embodi-
ments can be omitted within the scope of the invention.

INDUSTRIAL APPLICABILITY

Because the radar system and the data processing device
in accordance with the present invention include the obser-
vation device that is mounted in a moving object and
observes an object, and the data processing device that
processes data from the observation device, and the obser-
vation device includes: the transmitter and receiver that
emits a predetermined radar wave to outside the radar
system, and that receives the above-mentioned radar wave
scattered by an object existing outside the radar system and
acquires a received signal; the temporary image generator
that generates a temporary image from the received signal
acquired by the transmitter and receiver; and the data
transmitter that transmits the temporary image generated by
the temporary image generator to the data processing device,
and the data processing device includes: the data receiver
that receives the temporary image transmitted by the data
transmitter; and the image generator that generates an image
from both the temporary image received by the data receiver
and orbit data about the moving object, and the radar system
can acquire the image without degradation in the resolution
while reducing the amount of data transmission, the radar
system and the data processing device in accordance with
the present invention can be applied to a synthetic aperture
radar (SAR).

EXPLANATIONS OF REFERENCE NUMERALS

1 observation device, 2 data processing device, 11 trans-
mitter, 12 transmission/reception switch, 13 antenna, 14
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receiver, 15 and 155 temporary image generator, 16 data
compressor, 17 data transmitter, 18 data dividing unit, 19
pulse compression unit, 21 data receiver, 22 data decom-
pressor, 23 data reconstruction unit, 24 image generator, 25
data combining unit, 26 azimuth compressing unit.

The invention claimed is:

1. A radar system including an observation device that
observes an object, said observation device being mounted
in a moving object, and a data processing device that
processes data from said observation device, wherein

said observation device comprises:

a transmitter and receiver that emits a predetermined
radar wave to outside said radar system, and that
receives said radar wave scattered by an object
existing outside said radar system and acquires a
received signal;

a temporary image generator that temporarily carries
out an azimuth compression process on the received
signal acquired by said transmitter and receiver by
using temporary orbit data to generate a temporary
image, said temporary orbit data being based on
movement of said moving object relative to said
object existing outside said radar system; and

a data transmitter that transmits the temporary image
generated by said temporary image generator, and

said data processing device comprises:

a data receiver that receives the temporary image
transmitted by said data transmitter; and

an image generator that carries out an azimuth com-
pression process on the temporary image received by
said data receiver by using orbit data having a higher
degree of accuracy than said temporary orbit data to
generate an image, said orbit data being based on
movement of said moving object relative to said
object existing outside said radar system.

2. The radar system according to claim 1, wherein said
temporary image generator divides said received signal into
a plurality of sections in a temporal direction, and generates
a plurality of temporary images by using received signal
portions respectively corresponding to said sections, and
said image generator generates one image by combining said
plurality of temporary images.

3. A data processing device that processes data from an
observation device that observes an object, said observation
device being mounted in a moving object, said data pro-
cessing device comprising:

a data receiver that receives a temporary image, which
said observation device generates by receiving a pre-
determined radar wave, which said observation device
emits to outside said observation device and which is
scattered by an object existing outside said observation
device, to acquire a received signal and temporarily
carrying out an azimuth compression process on said
received signal by using temporary orbit data, said
temporary orbit data being based on movement of said
moving object relative to said object existing outside
said radar system; and

an image generator that carries out an azimuth compres-
sion process on the temporary image received by said
data receiver by using orbit data having a higher degree
of accuracy than said temporary orbit data to generate
an image, said orbit data being based on movement of
said moving object relative to said object existing
outside said radar system.



US 9,442,193 B2

11

4. An observation device that observes an object, said

observation device being mounted in a moving object, said
observation device comprising:

a transmitter and receiver that emits a predetermined radar
wave to outside said observation device, and that
receives said radar wave scattered by an object existing
outside said observation device and acquires a received
signal;

a temporary image generator that temporarily carries out
an azimuth compression process on the received signal
acquired by said transmitter and receiver by using
temporary orbit data to generate a temporary image,
said temporary orbit data being based on movement of
said moving object relative to said object existing
outside said radar system; and

a data transmitter that transmits said temporary image to
a data processing device that carries out an azimuth
compression process on said temporary image gener-
ated by said temporary image generator by using orbit
data having a higher degree of accuracy than said
temporary orbit data to generate an image, said orbit
data being based on movement of said moving object
relative to said object existing outside said radar sys-
tem.

15
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5. The radar system according to claim 1, wherein

said temporary orbit data is based on an approximation of
linear movement of said moving object relative to said
object existing outside said radar system, and

said orbit data is based on actual movement of said
moving object relative to said object existing outside
said radar system.

6. The data processing device of claim 3, wherein

said temporary orbit data is based on an approximation of
linear movement of said moving object relative to said
object existing outside said radar system, and

said orbit data is based on actual movement of said
moving object relative to said object existing outside
said radar system.

7. The observation device of claim 4, wherein

said temporary orbit data is based on an approximation of
linear movement of said moving object relative to said
object existing outside said radar system; and

said orbit data is based on actual movement of said
moving object relative to said object existing outside
said radar system.

#* #* #* #* #*



